FIG. 1.
Left: Sagittal T 1 -weighted MR image demonstrating a homogeneous, well-defined mass that is isointense with the spinal cord filling the spinal canal at L3-4. Center: After Gd administration there was intense enhancement with small area of low intensity. Right: Sagittal T 2 -weighted MR image demonstrating slightly hyperintense tumor signal.
FIG. 2. Sagittal MR images.
Left: Nonenhanced T 1 -weighted lumbar image revealing an intradural lesion at L-5 that is isointense with respect to the spinal cord. Center: A T 1 -weighted contrast-enhanced image of lumbar spine demonstrating inhomogeneous enhancement of mass, with a central area of low enhancement. Right: A T 2 -weighted image revealing that tumor is of homogeneous signal intensity, with a focus of hypointensity. intensity on T 2 -weighted sequences. The tumor was well circumscribed and surrounded by bands of low signal on both T 1 -and T 2 -weighted MR images. After administration of Gd-DTPA, the tumor enhanced remarkably (Fig. 2) .
Operation. The patient underwent an L4-5 unilateral laminectomy and intradural exploration. The tumor was attached to the terminal filum and adhered minimally to the nerve roots. The terminal filum was transected above and below the tumor, which was excised completely after internal decompression. The tumor was very soft and friable and bled easily.
The tumor was a dark red-brown encapsulated mass measuring 1 ϫ 1 ϫ 1.6 cm. Microscopic examination showed neoplastic cells, with uniform rounded nuclei and no mitotic figures. Tumor cells were of clear cytoplasm or elsewhere of eosinophilic cytoplasm. The results of immunohistochemical testing were positive for NSE, chromogranin, keratin, and S100. We obtained a negative result for GFAP and vimentin.
Follow-up MR imaging showed no evidence of recurrence 2 years postoperatively.
Postoperative Course. The postoperative course was simple and uneventful. The patient's low-back and leg pain vanished and her neurological status remained normal.
Results of the Literature Review
All reported cases of paraganglioma/chemodectoma of the lumbar region reported between 1970 and 2003 were reviewed; only cases in which authors reported details about the relevant topics were included for analysis. Of a total of 193 cases of lumbar paraganglioma, two Japanese reports involving three cases were not included because clinical details in the abstract were insufficient; 59, 64 seven cases published by Lapierre, et al., 49 which were the same seven cases reported by Wager, et al., 100 were not included because pertinent patient data were not detailed. Of three cases reported by Fuentes, et al., 27 which were also included in the French cooperative study, only two were included because in the third case the lesion was located in the thoracic region. The cases reported by Khan, et al., 43 and Iliya, et al., 39 involved the same patient but were published in different journals. Finally a total of 174 cases were selected for review (Table 1) . Age and Sex. Patients ranged in age from 9 to 74 years (mean 45.9 Ϯ 13.1 years), with peak incidences occurring at age 36 (nine cases) and 45 years (eight cases). There was a male predominance (104 males and 70 females), and the mean age was 44.5 Ϯ 12.1 years for males and 47.7 Ϯ 14.5 years for females.
Revealing Symptoms. Initial symptoms were low-back pain in 89 cases (51.4%), 12, 17, 30, 35, 40, 45, 51, 60, 73, 75, 77, 78, 87 The duration of symptoms was longer in patients with uni-or bilateral sciatica (194.6 weeks), whereas the shortest duration of symptoms was observed in cases involving sudden motor deficit 24, 77 and urinary retention.
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Localization. All tumors were located in the lumbosacral region, and six extended toward the thoracic region. 12, 67, 68, 87, 93, 103 In 31 cases, the tumor appeared in the terminal filum, 38, 60, 77, 87 23 in the lumbar region, 29, 30, 60, 69 10 in the cauda equina, 11, 46, 55, 60, 87 four in the conus medullaris, 26, 54, 61, 69, 87 and its localization was not specified in the remaining five cases. 15, 45, 66 All cases except one in the series reported by Sundgren and colleagues 92 were intradurally located.
Size. Although data were provided for 122 cases regarding tumor size, in only 60 cases were the three dimensions detailed; 5, 7, 8, [11] [12] [13] 16, 20, 23, 24, 27, 32, 35, [40] [41] [42] 48, 51, 53, 55, 67, 73, 74, 80, 82, 86, 91, 98, 104 * CE = cauda equina; CM = conus medullaris; GTR = gross-total resection; ICP = intracranial pressure; LBP = low-back pain; LE = lower-extremity; NS = not stated; NvRt = nerve root; RT = radiotherapy; SCC = spinal cord compression; STR = subtotal resection; TF = terminal filum.
† Value is expressed in grams, not centimeters.
Computerized Tomography Scanning. Axial CT scanning was performed in 22 cases. 1, 2, 4, 11, 12, 25, 33, 51, 60, 61, 71, 72, 86, 88, 92, 97 In seven cases CT scanning demonstrated the presence of a space-occupying lesion; 1, 11, 33, 51, 60, 61, 92 in six cases results were normal, 2, 12, 25, 72, 86, 88 in seven they were not specified, and in two disc herniation was observed. 4, 97 Isotope scanning with 131 I-MIBG, which is specific for the diagnosis of paraganglia, was used in one case of secondary intracranial and -spinal dissemination but did not reveal any definite focal uptake. 74 Scintigraphy of a CEP was also mentioned in a separate report. 61, 68, 104 in two cases to the conus medullaris-terminal filum interface, 77 and in one case to the conus medullaris and nerve roots. 81 In 58 cases (33.9%) no attachment was mentioned. 6, 12, 17, 26, 30, 43, 46, 54, 60, 71, 73, 86, 92, 104 In one case reported by Sundgren, et al., 92 the tumor was extradural and after initial subtotal resection it recurred on three occasions, and radio-and chemotherapy were conducted.
Tumor Recurrence. Recurrence of CEPs following surgery is rare, and only two cases (1.5%) were reported after gross-total resection without radiotherapy (9-and 13-year intervals, respectively). 72, 91 Recurrence after gross-total resection and radiotherapy was reported in one case after a 9-year interval. 94 Two cases of recurrence following subtotal resection were observed after a 3-and 4-year interval, respectively. 12, 75 In the case in which biopsy sampling was performed, there was regrowth 1 year later. 87 Pathological Features. The diagnosis was paraganglioma in all cases. The most common feature was a uniform population of small, round, polyhedral, cuboidal-to-cylindrical cells, which formed nests or "zellballen," surrounded by dense connective tissue containing a delicate and extensive network of endothelial-lined vessels. 58 Other growth types included seven spindle shaped, 60 three gangliocytic, 20, 24, 55 three oncocytic, 28, 60, 62 and two melanocytic patterns. 60 In two cases the tumor was composed of two neoplastic populations-ependymal and ganglion cells 17, 89 -and in another with paraganglionic and gliomatous elements. 82 Immunohistochemical Assay. Immunohistochemical evaluation was performed in 116 cases: S100 protein was present in 75 3, 60 Testing for GFAP reaction was performed in 98 cases and was positive in only 11. 22, 23, 35, 60, 87, 88 Outcome. Postoperative outcome was unspecified in 34 cases and only one case of intraoperative death was reported; 29 in the other 139 cases the postoperative course was diverse. The longest postoperative survival period was 27 years, which was achieved by a 39-year-old man in whom the tumor had been completely resected. 87 Subarachnoid Dissemination. Only two cases of CEP with CSF dissemination have been reported in the literature. In one case the CEP was incompletely resected, and an irradiated but remote intracranial/intraspinal metastasis was observed after 4 years; 75 in the other CEP was totally removed, but the disease spread to the spinal cord and the brain after 23 years.
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Discussion
Paraganglioma arises from neuroectodermally derived cells with neural features of biogenic amine-and peptidecontaining secretory granules and a potential endocrine function. Tumors arising from these cells have distinctive names, and together they are termed neuroendocrine tumors. 34 Approximately 80% of paragangliomas arise from the carotid body and the glomus jugularis; 7,56,87 however, they have been observed in numerous other sites, including the orbit, larynx, thyroid, vagus nerve, mediastinum, gastrointestinal and respiratory tracts, paraaortic bodies, retroperitoneum, and urinary tracts. 3, 5, 75, 82, 84, 87 In the CNS they have been described in the pineal and pituitary glands, cerebellopontine angle, spinal cord, and cauda equina region. 3, 22, 36, 70, 72, 81 Spinal paragangliomas may originate from sympathetic neurons situated in the thoracic and lumbar horns of the spinal cord, which send their axons to the sympathetic trunk via the communicating branches. It is also possible that heterotopic neurons lie along these branches proximal to the sympathetic trunk, and this site may be the original locus of tumor formation. 68, 92 In the lumbar region, they may arise from paraganglia located in the cauda equina, but it has been suggested that some constituents of the diffuse neuroendocrine system can be the result of a local differentiation from tissues not derived from the neural crest and that participation of the ependymal cells in their development cannot be excluded. 3 Cauda equina paragangliomas represent approximately 3 to 4% of the lesions in this region, 100,102 the first being described in 1972 by Lerman, et al., 50 although Miller and Torack's 1970 report 58 of a "secretory ependymoma of the filum terminale" proved in retrospect to be the first case described. These tumors remain a rare entity with more than 195 cases described to date.
The initial symptom is low-back pain in more than 50% of cases, and this is accompanied by sciatica in 20% of cases. The duration of pain before definitive diagnosis varies from 1 day to several years. Even with the advent of MR imaging, pain is always endured for more than 1 year (range 1-7 years) at the time of diagnosis. 57 The time interval has been estimated to be 50 months for CEP, 24 months for ependymoma and schwannoma, and much shorter for cases of malignant tumors. 49 The incidence of sensory and motor deficits, 5, 71, 103 signs of intracranial hypertension, 32 or sphincter dysfunction have been reported to be low. Despite their neuroendocrine origin, only three cases of CEP with functional hormonal activity were found.
12,29, 95 Böker, et al., 12 described the case of a 23-yearold man with a pluriradicular syndrome, occasional "flush-like attacks," normal blood pressure, and high urine noradrenaline excretion following surgery. In the cases reported by Toyota, et al., 95 and González-Campora, et al., 29 the disorders were similar to that in the first case reported here during manipulation of the tumor-that is, sudden increase in blood pressure and tachycardia; no new episodes were observed after sectioning the tumor pedicle. Unlike the regimen prescribed for similar tumors (for example, pheochromocytoma), a preoperative ␣-or ␤-adrenergic blockade was not administered in any of the cases reviewed. This was probably due to the fact that CEP was not the initial preoperative diagnosis in most of the cases; hence, dopamine, epinephrine, noradrenaline, and the vanillymandelic acid test were not performed except for the postoperative tests undertaken in three cases. 12, 37, 55 Plain radiography rarely demonstrates bone erosion or scalloping of the vertebral body in large or invasive neoplasms. 66, 74 Associated alterations such as spondylolisthesis have been reported in three cases 4, 40, 72 and scoliosis in one. 54 Myelographic findings are not specific 2 and frequently reveal partial or complete blocking caused by an intradural mass. 57 Nerve roots appear to be separated and surrounding the tumor. 52 Serpiginous defects can be found around the mass, suggestive of dilated vessels. 3, 54 When assessed, the level of CSF protein is usually markedly increased. 27, 85, 87 Selective spinal angiography may help in establishing a diagnosis because it demonstrates a highly vascular mass in the early arterial phase. The vascular blush becomes homogeneous in the late arterial phase. Differential diagnosis includes hemangioblastomas or vascular schwannoma. Preoperative embolization of tumor feeding vessels may be performed to minimize intraoperative bleeding. 86 Computerized tomography scanning has rarely been performed; although noncontrast CT scanning helps to exclude diagnosis of a disc herniation, 72 the information it yields regarding CEP is of little help. 57 Contrast-enhanced CT scanning provides undefined images of a hyperdense space-occupying lesion. 52 The diagnostic procedure of choice is MR imaging, which should be undertaken prior to the exploration of intraspinal masses. The lesion is usually hypo-or isointense to the conus medullaris on T 1 -weighted sequences, whereas it is hyperintense on T 2 -weighted sequences, sometimes inhomogeneous, 6, 25, 48, 81, 92, 103 and in some cases cystic areas have been reported. 6, 10, 14, 101 After Gd injection, there was marked enhancement; 6 in other cases a serpiginous area of flow voids was observed, which suggested vessels capping the tumor.
1, 48 Araki, et al., 6 suggested that this sign is a major clue to the diagnosis of a highly vascular lesion. Hypointense tumor margins on T 2 -weighted MR and proton-density imaging may indicate hemosiderin or ferritin from previous hemorrhages. 3 High signal intensity was observed in the CSF beneath the lesions, probably secondary to blockage of CSF circulation, elevation of CSF protein, or reduction of CSF pulsations. A fluid level, observed on T 1 -weighted sequences, was probably the result of cellular debris. 10 Most intradural extramedullary tumors in the cauda equina region were schwannoma or meningioma. It is impossible to distinguish paragangliomas from these tumors because the latter are all hypoor isointense with respect to the spinal cord on T 1 -weighted and iso-or hyperintense on T 2 -weighted images. Postcontrast enhancement, however, is homogeneous in schwannoma and meningioma, and no report of a lowintensity band or hemosiderin rim has been documented by MR imaging in cases of these tumors. 93 Moreover, preoperatively paragangliomas can be differentiated from these tumors based on the presence of hemorrhage and cyst formation in schwannoma and calcification in meningioma. 93 Scintigraphy with 123 I-MIBG is currently the preferred functional imaging method for the localization of adrenal or extraadrenal paragangliomas. Although MIBG scintigraphy provides high sensivity and specificity, 57 it is associated with certain disadvantages, such as limited spatial resolution, delay between injection time and imaging acquisition, relatively elevated levels of radiation exposure, and failure to delineate nonsecreting paragangliomas, which applies to the majority of CEP.
Positron emission tomography with 11 C-hydroxyephedrine as a radiotracer has been useful for noninvasively obtaining images of the sympathetic nervous system and the detection of pheochromocytomas; however, its use in diagnosing CEP has been described.
The histological features of paragangliomas of the cauda equina region are distinctive and are similar to paragangliomas in other locations. The characteristic pattern in paraaortic bodies is large polyhedral tumor cells with abundant eosinophilic cytoplasm arranged in nests or organlike configurations surrounded by a delicate fibrovascular stroma. According to Soffer, et al., 85 mitotic figures are unusual in paragangliomas, but Sonneland, et al., 87 reported scattered mitotic figures in 14 of 31 cases reviewed and six were mitotically active. Two other cases of mitotic figures were noted by Taxy, 94 Soffer, et al., 85 and Raftopoulos, et al. 72 Some paragangliomas in this location have been misinterpreted as ependymomas by light microscopy because of the greater frequency with which the latter occur in this region, and because of the epithelioid pattern of tumor cells with an intimate cell-capillary relationship as well as the presence of radial perivascular arrangement of cells that resemble the perivascular pseudorosettes. Furthermore, papillary epithelial characteristics of cells in paragangliomas may resemble ependymal tubules. 104 In the first reported case of this tumor it was initially described as a "secretory ependymoma of the filum terminale," 58 but it was later reclassified as a paraganglioma. 37 Sonneland, et al., 87 reviewed 31 cases and found that only 11 lesions had been initially diagnosed as ependymoma, three as ependymoma with ganglion cells, and one each as ependymoblastoma, meningioma, and hemangioblastoma. 104 With the advent of immunohistochemical techniques, however, it was possible to distinguish paragangliomas from ependymomas. 71 The absence of GFAP and the presence of neurosecretory granules on electron microscopy help to differentiate a paraganglioma from ependymoma of the cauda equina. 63 Immunohistochemically, all tumors were positive for neurospecific (gamma) enolase and S100. 60 In some tumors, staining for neurofilament protein, chromogranin, synaptophysin, and PGP 9.5 was positive. 92 The absence of cytokeratin expression has been used to distinguish paragangliomas from other neuroendocrine tumors. 19 Electron microscopy invariably demonstrates the presence of electron-dense cytoplasmic neurosecretory granules, which are 150 to 400 nm. 16 Somatostatin, serotonin, noradrenaline, adrenaline, dopamine, and homovanillic acid have been detected in these granules; 54 however, functional neurosecretory granules are very rare in cauda equina paragangliomas. 12 Other reported electron microscopic features include paranuclear Type II microfilament whorls, 84 fenestrated capillary endothelium, and intercellular junctions, which are usually of the zona occludens type. Tubulovesicular bodies and small bundles of unmyelinated nerve fibers have also been described. 40, 54 Cilia and intracytoplasmic fibrillary inclusions resembling fibrous bodies appear to be characteristic features of paragangliomas arising in the cauda equina and have not been described in similar neoplasms in other sites. 16, 40 Of the 174 tumors reviewed, 170 were intradural, three combined (intra-and extradural) locations, 28, 39, 84 and one was totally extradural. 92 Because the tumors are usually a soft-red and well-circumscribed mass, total removal should be the goal of surgery; however, when subtotal resection is necessary because of local invasion or extension or when there is a doubt concerning complete extirpation, irradiation is recommended. 63, 87 Distant metastases are rare, but local recurrence can be problematic if subtotal removal is performed. Of the cases revised, there were no instances of recurrence when complete excision was possible. There were 19 cases of subtotal excision; in nine of these no radiotherapy was given, in one recurrence occurred 12 years later, 12 and in another the patient was lost to follow up. 87 The remaining 10 patients underwent radiotherapy, and in two of these cases the tumor recurred at 1 87 and 9 years, 94 respectively. Paragangliomas of the cauda equina have a good prognosis. Spinal paragangliomas are classified as Grade I according to the World Health Organization classification, and an aggressive behavior is exhibited by fewer than 1%. 57 Their clinical behavior depends on the encapsulation and the extent of resection 57, 96 and the associated morbidity is low in contrast to that associated with extra-CNS paraganglia despite similar morphology.
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Conclusions
Paragangliomas constitute an uncommon group of neoplasms arising in the cauda equina; they have well-defined histological and ultrastructural features. Diagnosis is established by histological examination, although preoperatively MR imaging is important and may be suggestive of this tumor. Cauda equina paragangliomas are slow-growing and well-encapsulated tumors that may be cured by surgery alone. Radiotherapy is only indicated for incompletely resected tumors and prolonged postoperativeobservation is mandatory because of the slow evolution of these tumors. A biopsy procedure alone is not recommended.
